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(54) Initiation of an analytical measurement procedure for blood 



(57) A distinctive optical signature permits a fluidic 
medical diagnostic device to measure an analyte con- 
centration or a property of whole blood, particularly the 
coagulation time, only after first insuring that a whole 
blood sample has been introduced into the device. A 
suitable device has at one end a sample port for intro- 
ducing a sample and at the other end a bladder for 
drawing the sample to a measurement area. By requir- 
ing a meter, used in conjunction with the device, to first 
detect the distinctive optical signature, a sample is 



drawn to the measurement area only if it is whole blood. 
In that case, a channel carries the sample from the sam- 
ple port to the measurement area, and a stop junction, 
between the measurement area and bladder, halts the 
sample flow. The meter measures a physical property of 
the blood sample - typically, optical transmittance - after 
it has interacted with a reagent in the measurement 
area. 
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Description 

CROSS-REFERENCE TO PRIOR PROVISIONAL 
APPLICATION 

5 

[0001] This application claims the benefit of U.S. 
Provisional Application No, 60/093,421, filed July 20, 
^998 — 

Background of the Invention io 

1. Field of the Invention 

[0002] This invention relates to a fluidic medical 
diagnostic device for nneasuring the concentration of an is 
analyte in or a property of a biological fluid; more partic- 
ularly, to a nnethod for initiating such a measurennent 
when the fluid exhibits certain characteristics. 

2. Description of the Related Art 20 

[0003] A variety of nnedical diagnostic procedures 
involve tests on biological fluids, such as blood, urine, or 
saliva, and are based on a change in a physical charac- 
teristic of such a fluid or an element of the fluid, such as 25 
blood serum. The characteristic can be an electrical, 
magnetic, fluidic, or optical property. When an optical 
property is monitored, these procedures niay nriake use 
of a transparent or translucent device to contain the bio- 
logical fluid and a reagent. A change in light absorption 30 
of the fluid can be related to an analyte concentration in, 
or property of. the fluid. Typically, a light source is 
located adjacent to one surface of the device and a 
detector is adjacent to the opposite surface. The detec- 
tor measures light transmitted through a fluid sample. 35 
Alternatively, the light source and detector can be on the 
same side of the device, in which case the detector 
measures light scattered and/or reflected by the sam- 
ple. Finally, a reflector may be located at or adjacent to 
the opposite surface. A device of this latter type, in 40 
which light is first transmitted through the sample area, 
then reflected through a second tirhe, is called a *trans- 
flectance" device. References to "lighr throughout this 
specification and the appended claims should be under- 
stood to include the infrared and ultraviolet spectra, as 45 
well as the visible. References to "absorption" are 
meant to refer to the reduction in intensity as a light 
beam passes through a medium; thus. It encompasses 
both "true" absorption and scattering. 
[0004] An example of a transparent test device is so 
described in Wells et al. W094/02850, published on 
February 3, ' 1 994. Their device comprises a sealed 
housing, which is 'transparent or translucent, impervi^ - - 
ous, and rigid or semi-rigid. An assay material is con- 
tained within the housing, together with bne or more 55 
assay reagents at predetermined sites. The housing is 
opened and the sample introduced just before conduct- 
ing the assay. The combination of assay reagents and 



2 

analyte in the sample results in a change in optical prop- 
erties, such as color, of selected reagents at the end of 
the assay. The results can be read visually or with an 
optical instrument 

[0005] U.S. Patent 3,620,676, issued on November 

16, 1971 to Davis, discloses a colorimetric indicator for 
liquids. The indicator includes a "half-bulb cavity", which 
is compressible. The bulb is compressed and released 
tofomn a suction that draws fluid from a source, through 
a hatf-tubular cavity that has an indicator imprinted on 
its wall. The only controls on fluid flow into the indicator 
are how much the bulb is compressed and how long the 
indicator inlet is immersed in the source, while the bulb 
is released. 

[0006] U.S. Patent 3,640,267, issued on February 
8, 1972 to Hurtig et al., discloses a container for collect- 
ing samples of body fluid that includes a chamber that 
has resilient, collapsible walls. The walls are squeezed 
before the container inlet is placed into the fluid being 
collected. When released, the walls are restored to their 
uncollapsed condition, drawing fluid into and through 
the inlet. As with the Davis device, discussed above, 
control of fluid flow into the indicator is very limited. 
[0007] U.S. Patent 4,088,448, issued on May 9. 
1978 to Lilja et al., discloses a cuvette, which pemnits 
optical analysis of a sample mixed with a reagent. The 
reagent is coated on the walls of a cavity, which is then 
filled with a liquid sample. The sample mixes with the 
reagent to cause an optically-detectable change. 
[0008] A number of patents, discussed below, dis- 
close devices for diluting and/or analyzing biological 
fluid samples. These devices include valve-like designs 
to control the flow of the sample. 
[0009] U.S. Patent 4,426,451, issued on January 

17, 1984 to Columbus, discloses a multi-zdne fluidic 
device that has press u re -actuatable means tor control- 
ling the flow of fluid between the zones. His device 
makes use of pressure balances on a liquid meniscus at 
the interface between a first zone and a second zone 
that has a different cross section. When both the first 
and second zones are at atmospheric pressure, surface 
tension creates a back pressure that stops the liquid 
meniscus from proceeding from the first zone to the 
second. The configuration of this interface or "stop junc- 
tion" is such that the liquid flows into the second zone 
only upon application of an externally generated pres- 
sure to the liquid in the first zone that is sufficient to 
push the meniscus into the second zone. 

[0010] U.S. Patent 4,868,1 29, issued on Septertiber 
1 9, 1 989 to Gibbons et al,. discloses that the back pres- 
sure in a stop junction can be overcome by hydrostatic 
pressure on the liquid in the first zone, for example by 
having a column of fluW in the f irst zone:- ' 
[0011] U.S. Patent 5,230,866, issued on July 27, 
1993 to Shartle et al., discloses a fluidic device with 
multiple stop junctions in which the surface tension- 
induced back pressure at the stop junction is aug- 
mented; for example, by trapping and compressing* gas 
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in the second zone. The conapressed gas can then be 
vented before applying additional hydrostatic pressure 
to the first zone to cause fluid to flow into the second 
zone. By varying the back pressure of multiple stop 
junctions in parallel, "rupture junctions" can be formed, 5 
having lower maximum back pressure. 
[0012] U.S. Patent 5,472,603, issued on December 
5, 1 995 to Schembri (see also U.S. Patent 57€27,041 ), 
discloses using centrifugal force to overcome the back 
pressure in a stop junction. When flow stops, the first to 
zone is at atmospheric pressure plus a centrifugally 
generated pressure that is less than the pressure : 
required to overcome the back pressure. The second 
zone is at atmospheric pressure. To resume flow, addi- 
tional centrifugal pressure Js applied to the first zone^ 15 
overcoming the meniscus back pressure. Xhe second . 
zone remains at atmospheric pressure. 
[0013] European Patent Application EP 0 803 288, ; 
of Naka et al.. published on October 29, 1 997, discloses . , 
a device and method for analyzing .a sample that 20 
includes drawing the sample into the device by suction, , 
then reacting the sample with a reagent.in an analytical . , 
section. Analysis is done by optical or electrochemical ^ 
means. In alternate embodiments, there aire multiple 
analytical sections and/or a bypass channel. The. iflow 25 
among these sections is balanced without using stop 
junctions. - - 

[0014] U.S. Patent 5.700.695, issued on December; 
23, 1997 to Yassinzadeh et aL, discloses an apparatus-., 
for collecting and manipulating, a biolpgicahfluid that^^.so 
uses a "thermal pressure chamber^.to provide the driv-^ 
ing. force fpr.mpving the sample through the apparatus,j ; 
[0015] U.S. Patent 5?.'^6,404, issued r on/ April 7, 
1998. to Yassinzadeh et-al., discloses a m^ethod for ; 
detemnining the coagulation time of a bipod sample that ' 35 
involves causing an end of the sample to oscillate within 
a passageway. The oscillating motion is caused by alter- 
nately Increasing and decreasing the .pressure .on tJ]ie - 
sample. . ... ^ 

[0016] EP 0 922 954 A2 discloses a method for ree- aq 
ognizing the presence of sarnple fluid on a test strip by - 
monitoring the first and second derivatives of a parame- 
ter, such as. reflectance from ^mixture of.the fluid and a-, 
reagent. - * - , - ; • . 

Summary of the Invention . . . 

[0017] The pres^nt. invention. provides a method for 
initiating, the measurement of an ^palyte concentration 
or property of a biological fluid that exhibits a "rouleaux" so 
realignment. "Rouleaux formation" refers to the stacking 
of red blood cells, which permits a distinctive^ optical sig- 
nature for such a fluid.: typfeaHy^ vri^ote blood. The 
method comprises 

55 

a) providing a meter that measures the analyte con- 
centration or a physical property of a blood sample 
; on a fluidic diagnostic device. 
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b) inserting into the meter the device, comprising 

(i) a sample port for introducing a sample of the 
biological fluid into the device. 

(ii) a measurement area, in which the analyte 
concentration or physical property is meas- 
ured, 

(iii) a channel, having a first end and a second 
end, to provide a fluidic path from the sample 
port at the first end to the measurement. area, 

c) applying the biological fluid sample to the sample 
port, 

d) illuminating the sample port and monitoring the 
light .scattered from the sample over a predeter- 
mined period of time, and 

e) measuring the. analyte concentration or physical 
property only if, during that time period, the scat- 
tered light has first increased abruptly, then 
decreased, whereby the meter will make the meas- 
urement only if the biological fluid is whole blood. 

[0018] . In another ^enribpdiment, the method of the 
present invention -validates a measurement of an ana-, 
lyte conpentratiori or property of a biological fluid only if 
it comprises whole blood. The method comprises. 

providing a meter that m^a^ures the analyte con- 
centration or physicaljproperty of a blood sample on 
a fluicficdiagno^ic device, . . 

b) inserting into the meter.the device, comprising 

. . (i) a,sample port for introducing a sample of the 
biological fluid into the device,, 
..(ii) a meoisurement area, in which the analyte 
concentration or physica), prpperty is meas- 
ured^, „ .^ -; , 

(Hi) a channel,. having a first end and a second 
end, to provide a fluidic path frpm^ the sample 
. jport at the first end, to the measurement area, 

x) applying the biological fluid sample to the sample 

.port, . , ; . ' , ; 
d) illuminating the sample port. and monitoring the 
light scattered from the sample over a predeter- 
mined period of time. , , , 

, a) measuring the analyte concentration or physical 
property, and . . 

f) validating the measurement only if. during that 
time period, .the scattered light has first increased 
abruptly, then, decreased, whereby the meter will 

. validate the measurement only if the biological fluid 
is whole blood. > .y 

[0019] In yet anotber embodiment, the present 
invention comprises a method for initiating a measure- 
ment, of anajyte. concentration or a physical property of 
a biological fluid comprising 
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a) providing a meter that measures tlie analyte con- 
centration or physical property of a blood sample on 
a fluidic diagnostic device, 

b) inserting into the meter the device, comprising 

5 

(i) a transparent sample port for introducing a 
sample of the biological fluid into the device, 

(ii) a measurement area, in which the -analyte 
concentration or physical property Is meas- 
ured, 10 

(iii) a channel, having a first end and a second 
end, to provide a fluidic path from the sample 
port at the first end to the measurement area 

^ c) applying the biological fluid sample to the sample is 
port, 

d) illuminating the sample port and monitoring the 
light transmitted through the sample over a prede- 
termined period of time, and 

e) measuring the analyte concentration or physical 20 
property only if, during that time period, the trans- 
mitted light has first decreased' abruptly, then 
increased, whereby the rrieter will make the meas- 
urement only if the biological fluid is whole blood. 

' ^ • • 25 

[0020] The method of the present invention has 
broad application to various devices formeasuring'ana- 
lyte concentrations and properties of blood, but it is par- 
ticularly well adapted for measuring prothrombin time 
(PT time) of whole blood. I n that case, the measurement 30 
area has a composition that catalyzes the blood clotting 
cascade. - 



Brief Desciiption of the Prawings 

[0021] 



35 



Rg. 1 is a plan view of a device that is suitable for 
use in the present invention. 

Rg. 2 is an exploded view of the device bf Fig. 1 . 40 
Rg. 3 is a perspective view of the device of Fig. 1 . 
Rg. 4 (s a schematic of a meter for use in the 
method of this indention. 

Rg. 4 A depicts an alternative embodiment of an 

element of the meter of Fig. 4.^' * 45 

Rg. 5 is a graph of curves that identify a fluid as 

beingl or not being, whole blood. 

Rg. 6 is a graph of data that is used to determine 

PT time, using the meter of Rg. 4. 

Rg. 7 is a plan view of an alternative embodiment of 50 

the device of Fig. -1 . 

Rgs. 7A,'7B. and 70 depict a time sequence during 
which a*samp(e is^admitled to the device- of Fig: 7. 
Fig. 8 is a schematic of a device that includes mul- 
tiple measurenrient areas and a bypass channel. ' 55 



Detailed Description of the Invention 

[0022] This invention relates a method of initiating a 
measurement in a fluidic device for analyzing certain 
biological fluids, particularly, whole blood. The device is 
generally of the type that, in combination with an appro- 
priate meter, relates a physical parameter of blood, or 
an element of the blood, to an analyte concentration in 
the blood or to a property of the blood. Although a vari- 
ety of physical parameters - e.g., electrical, -magnetic, 
fluidic, or optical - can form the basis for the measure- 
ment, a change in optical parameters is a preferred 
basis, and the details that follow refer to an optical 
device. Similarly, the method can be adapted to a vari- 
ety of device designs, including devices that involve 
capillary fill; however, we provide details for a particu- 
larly suitable device that includes a sample application 
area; a bladder, to create a suction force to draw the 
blood sample into the device; a measurement area, in 
which the sample may undergo a change in an optical 
parameter, such as light scattering; and a stop junction 
to precisely stop flow after filling the measurement area. 
(Adapting the present method to other devices and for 
other measurements involves only routine experimenta- 
tion.) ' - 
[0023] Preferably, the device is substantially trans- 
parent over the measurement area, so that the area can 
be illuminated by a light source on one side and the 
transmitted light measured on the opposite side. The 
measurement on the sample may be of a parameter 
that is not changing, but typically the sample undergoes 
a change in the measurement area, and the change in 
transmitted light is a measure of the analyte or fluid 
property of interest. Alternatively, light that is scattered 
from a fluid sample or light that passes through the sam- 
ple and is reflected back through a second time (by a 
reflector on that opposite side) can be detected by a 
detector on the sahne side as the light source. 
[0024] This type of device is suitable for a variety of 
analytical tests of blood, such as determining biochemi- 
cal or hematological characteristics, or measuring the 
concentration of proteins, hormones, cari^ohydrates, lip- 
ids, drugs,- toxins, gases,- electrolytes, etc. The proce- 
dures for performing these tests have been described in 
thfe * literature. Among the tests, and where they ara 
described, are the following: 

(1) Chromogenic Factor Xlla Assay (and other clot- 
ting factors as well): Rand, M.D. ef a/.. Blood, 88. 
'3432 (1996). 

' (2) Factor X Assay: Bick, R.L. Disorders of Throm- 
bosis and Hemostasis: Clinical and Laboratory 
Practfee. Chicago, ASCP Press, -1992,-'- • ' 

(3) DRVVT (Dilute Russells Viper Venom Test): 
'Exner, T. et aL, Blood Coag. Fibrinoi:, 1^ 259 
(1990). " 

(4) Immunonephelonrietric and ImmunoturtDidimetric 
Assays for Proteins: Whicher, J.T, CRC Crit. Rev. 
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Clin Lab Sci. 18:21 3 (1983). 

(5) TPA Assay: Mann, K.G., efa/., Blood, 76, 755, 

(1990) .; and Hartshorn, J.N. etal.. Blood, 78, 833 

(1991) . 

(6) APTT (Activated Partial Thronnboplastin Time 
Assay): Proctor, R.R. and Rapaport, S.L Anner. J. 
Clin. Path, 36, 212 (1961); Brandt, JT. and Triplett, 
D.A. Amer J. Clin. Path., 76, 530 (1981->rand Kel- 
sey. PR. Thromb. Haemost. 52, 172 (1984). 

(7) . HbAic Assay (Glycosylated Hemoglobin 
Assay): Nicol. D.J. et aL. Clin. Cham. 29. 1694 
(1983).. 

(8) Total Hemoglobin: Schneck; et al.. Clinical 
Chem., 32/33. 526 (1986); and U.S. Patent 
4,088,448. . . - . 

(9) Factor Xa: Vinazzer, H., Proc. Symp. Dtsch. 
, Ges. Klin. Chem., 203 (1977), ed. By Witt, I 

^ (10) Colorimetric Assay for Nitric Oxide: Schmidt, 
H.H.. et aL, Biochemica, 2. 22 (1 995). 

t _ : 

[0025] The present method is particularly well 
suited for use in a device for measuring blood-cjotting 
time - "prothrombin time" or'"PT time" - ©nd details 
regarding such a device appear below. The modifica- 
tions needed to adapt the method and device for appli- 
cations such as those- listed above require no more than- 
routine experimentation. ; 

[0026] Fig. 1 is a plan view of a device 10, suitable 
for usej.n the method of the present invention. Fig. 2 is . 
an exploded view and Fig. 3 a perspective view of the 
device. Sample is applied to sample port 12 afteriblad- 
der 14 has been compressed. Clearly, the region of 
layer 26 and/or layer,28 that adjoins the cutout for blad- 
den1 4 must be resilient, to permit bladder 1 4 to be com- 
pressed. Polyester of about 0.1 . mm thickness has 
suitable resilience and springiness. Preferably, top layer 
26 has a thickness of about 0.1 25 mm, bottom layer 28 
about 0.1 00 mm. When the bladder is released, suction . 
draws sample through channel 1 6 to measurement area 
18, which preferably contairis a. reagent 20. In order to 
ensure that measurement area 18 can be filled with, 
sample, the volume of bladder 14 is preferably at least 
about equal to the combined .volume of channel t6 and 
measurement area 1 8. If measurernent area 1 8 is to be 
illuminated from below, layer 28 must be transparent 
where it adjoins measurement area 1 8. For a PT test,, 
reagent 20 contains thromboplastin that is free of bulk- 
ing reagents nomnally found in.lyqphilized reagents. 
[0027] As shown in Figs.. 1 . 2, and 3, stop junction 
22 adjoins bladder 14 and measurement area 18; how- 
ever, a continuation pf channel 16 may be on either or 
both sides of stop junction 22, separating the stop, junc- 
tion from meas<jfement area 18 and/or bladder ^14/ 
When the sample reaches stop junction 22, sample flow 
stops. For PT measurements, it is important to stop the 
flow of sample as it reaches that point to permit repro- 
ducible rouleaux formation, which is an important step 
in monitoring bipod clotting using the method described 



here. Note that rouleaux formation is reversible, and the 
rouleaux formed earlier, in the sample port, are elimi- 
nated as the blood travels through channel 1 6. The prin- 
ciple of operation of stop junctions is described in U.S. 

5 Patent 5,230.866. incorporated herein by reference. 
[0028] As shown in Fig. 2, all the above elements 
are formed by cutouts in intermediate layer 24, sand- 
wiched between top layer 26 and bottom layer 28. Pref- 
erably, layer 24 is double-sided adhesive tape. Stop 

10 Junction 22 Is formed by an additional cutout in layer 26 
and/or 28. aligned with the cutout in layer 24 and sealed 
with sealing layer 30 and/or 32. Preferably, as shown, 
the stop junction comprises cutouts in both layers 26 
and 28, with sealing layers 30 and 32. Each cutout for 

15 stop junction 22 is at least as wide as channel 1 6. Also 
shown in Fig. 2 is an optional filter 12A to cover sample 
port 12. The filter may separate out red blood cells from 
a whole blood sarnple and/or may contain a reagent to 
interact with the blood to provide additional information. 

20 For reasons that will become clear below, the red blood 
cells must be visible from "below." so that the mem- 
brane must be transparent if it fitters out red cells. 
Optional reflector 18A may be on, or adjacent to, a sur- 
face of layer 26 and positioned over measurement area 

25 18. If the reflector is present, the device becomes a 
transflectance device. : 
[0029] . . The method of using the strip of Figs. 1 , 2, 
and.3 can be understood with reference to a schematic 
of the elements of a meter shown in Fig. 4. The first step 

30 the user performs is to turn on the meter, thereby ener- 
gizing strip detector 40, sample detector 42, measure- ' 
ment system 44, and optional heater 46. The second 
step is to insert the strip. Preferably, the strip is not 
transparent over at least a part pf its area,, so that an 

35 inserted strip will block the illumination by LED 40a of 
detector 40b. (More preferably, the intermediate layer is 
fonned of a non-transparent material, so that back- 
ground light does not enter measurement system 44.) 
Detector 40b thereby senses tl:iat a strip has been 

40,, inserted and triggers. bladder actuator 48 to compress 
bladder 14. A meter display. 50 then directs the user to 
apply a sample to sample port 12 as the third and , last 
step the user must perform to. initiate the measurement 
sequence. . .. >. , 

45 [0030] It is important for the proper operation of the 
device to sense that an,.. "appropriate" sample (i.e., 
whole blood) has been applied. Thus, the meter must 
not report a measurennent If something qther than a 
whole blood sample causes a change, in the light 

50 : detected by detector 42b. Such a change could result 
from the strip being moved, an object (e.g., a finger) 
being brought near -the sample port. or. even, blood 
senjm being applied t^o .sample port 12. .Eac<vof-ttTese 
events could.cause an. erroneous result. To avoid this 

55 type of error, a preferred method of the present inven- 
tion involves illuminating sample port 12 with LED 42a 
and measuring diffusely reflected (i.e.. "scattered") light 
with detector 42b, positioned normal to the plane of strip 
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10. If a whole blood sample has been applied to sample 
port 12, the signal detected by 42b increases abruptly, 
because of scattering in the blood sample, then 
decreases, because the red cells begin to stack up like 
coins (rouleaux fomnation). 

[0031] Rg. 5 depicts, as a function of time (t), this 
abrupt increase of scattered light intensity (I), followed 
tjy a decrease, which characterizes a blood sample - 
curve A. Also shown - curve B - is the dissimilar curve 
that characterizes a sample that is not whole blood. 
[0032] In an alternative embodiment, shown In Fig. 
4A, transmitted light is measured, instead of scattered 
light. In that case, the phenomenon of rouleaux forma- 
tion causes the signal detected to decrease abruptly, 
then increase (i.e., the inverse of curve A). 
[0033] The detector system 42 is programmed to 
first require the type of signal shown in Rg. 5 for whole 
blood, (curve A or its inverse, as the case may be), then 
cause actuator 48 to release bladder 14 to admit sam- 
ple into channel 16. This, of course, requires a delay 
(preferably, at least about five seconds) as compared 
with simply admitting the sample without first determin- 
ing whether it is whole blood. However, the delay in 
releasing bladder 14 does not substantially affect the 
readings described below. Releasing bladder 14 causes 
suction in channel 1 6 that draws sample through meas- 
urement area 1 8 to stop junction 22. Light from LED 44a 
passes through measurement area 18, and detector 
44b monitors the light transmitted through the sample 
as it is clotting. When there are multiple measurement 
areas, measurement system 44 includes an LED/detec- 
tor pair (like 44a and 44b) for each measurement area. 
Analysis of the transmitted light as a function of time (as 
described below) permits a calculation of the PT time, 
which is displayed on the meter display 50. Preferably, 
sanhple temperature is maintained at about 37°C by 
heater 46. 

[0034] In an alternative embodiment, bladder 14 is 
released in any case, but the anatyte concentra- 
tion/physical property measurement is only validated if 
the sample signature is detected by detector 42. If the 
signature is not detected, the user sees an en-or signal 
on display 50. 

[0035] Rg. 6 depicts a typical "clot signature" curve 
in which the current from detector 44b is plotted as a 
function of time. Blood is first detected in the measure- 
ment area by 44b" at time 1. In the time interval A, 
between points 1 and 2, the blood fills the measurement 
area. This reduction in current during that time interval is 
due to light scattered by red ceils and is thus an approx- 
imate measure of the hematocrit. At point 2, sample has 
filled the measurement area and is at rest, its movement 
having been stopped by the^op Junction.- Rouleaux for- 
mation then allows increasing light transmission 
through the sample (and less scattering) in the time 
interval between points 2 and 3. At point 3, clot forma- 
tion ends rouleaux formation and transmission through 
the sample reaches a maximum. The PT time can be 



calculated from the interval B between points 1 and 3 or 
between 2 and 3. Thereafter, blood changes state from 
liquid to a semi-solid gel, with a corresponding reduction 
in light transmission. The reduction in current C 
5 between the maximum 3 and endpoint 4 correlates with 
fibrinogen in the sample. 

[0036] The device pictured in Rg. 2 and described 
above is preferably formed by laminating thermoplastic 
sheets 26 and 28 to a thermoplastic intermediate layer 

10 24 that has adhesive on both of Its surfaces. The cut- 
outs that form the elements shown in Rg. 1 may be 
fonmed. for exannple, by laser- or die-cutting of layers 
24, 26, and 28. Alternatively, the device can be formed 
of molded plastic. Preferably, the surface of sheet 28 is 
* 15 hydrophilic. (Rim 9962, available from 3M, St. Paul, 
MN.) However, the surfaces do not need to be 
hydrophilic, because the sample fluid will fill the device 
without capillary forces. Thus, sheets 26 and 28 may be 
untreated polyester or other thermoplastic sheet, well 

20 known in the art. Similarly, since gravity is not involved 
in filling, the device can be used in any orientation. 
Unlike capillary fill devices that have vent holes through 
which sample could leak, the present device vents 
through the sample port before sample is applied, which 

25 means that the part of the strip that is first inserted into 
the meter is without an opening, reducing the risk of 
contamination. 

[0037] Fig. 7 is a plan view of another embodiment 
of a device that is suitable for use with the method of the 

30 present invention, in which the device includes a bypass 
channel 52 that connects channel 16 with bladder 14. 
The function and operation of the bypass channel can 
be understood by referring to Figs. 7A, 7B, and 7C, 
which depict a time sequence during which a sample is 

35 drawn into device 1 0 for the measurement. 

[0038] Fig. 7A depicts the situation after a user h^ 
applied a sample to the strip, while bladder 14 is com- 
pressed. This can be accomplished by applying one or 
more drops of blood. The sample remains there while 

40 the meter determines whether the sample comprises 
whole blood. If so, the bladder is decompressed. 
[0039] Fig. 78 depicts the situation after the bladder 
is decompressed. The resulting reduced pressure in the 
inlet channel 16 draws the sample initially into the 

45 measurement area 18. When the sample reaches stop 
junction 22, the sample encounters a back pressure that 
causes it to stop and causes additional sample to be 
drawn into the bypass channel. 

[0040] Fig. 7C depicts the situation when a reading 
50 is taken. Sample is at rest in measurement area 18. 
Sample also fills some, or (as shown) all, of channel 16. 
[0041] Fig. 8 depicts a preferred embodiment of a 
device suitable for use wfth tfre- present method. It is a - 
miilti-channel device that includes bypass channel 152. 
55 Bypass channel 152 serves a purpose in this device 
that is analogous to that served by bypass channel 52 in 
the device of Fig. 7, which was described above. Meas- 
urerinent area 118 contains thromboplastin. Preferably, 
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measurement areas 218 and 318 contain controls, 
more preferably, the controls described below. Area 218 
contains thromboplastin,, bovine eluate, and recom- 
binant Factor Vila. The composition is selected to nor- 
malize the clotting time of a blood sample by 5 
counteracting the effect of an anticoagulant, such as 
warfarin. Measurement area 31 8 contains thromboplas- 
tin and bovine eluate alone, to partially oveicome the 
effect of an anticoagulent. Thus, three measurements 
are made on the strip, PT time of the sample, the npeas- 70 
urement of primary interest, is measured on area 118. 
However, that measurement is validated only when 
measurements on areas 218 and 318 yield results 
within a predetermined range. If either or both of these 
control measurements are outside the. range, then a 75 
retest is indicated. Extended stop junctiori 122 stops 
flow, in all three measurement areas. 
[0042] The following examples demonstrate 
devices suitable for use in the method of the present 
invention, but are not intended to be in any way limiting,. 20 , 

Example 1 

[0043] A strip that is suitable ipr use . in the method 
of this invention is made by first passing a dpuble-sided 25 
adhesive tape (RX 675SLT, available from Scapa japes, 
Windsor, CT) sandwiched between two release Jin ers , 
into a laminating and rotary die-cutting converting sysr 
tern. The pattern shown in Fig. 7,jWithvthe exception of . 
the stop junction, Is cut through the top rejease. liner and 30 
tape, but not through the bottom release liner.. which is 
theri removed as waste, along wr^ the cutouts from the 
tape. Polyester filrn treated to, be hydrophiiic (3M9962, 
available from 3M, St. Paul, MJM) is laminated to the 
exposed bottom side, of the tape. Reagent (thrombo- 35 
plastin, available from Ortho Clinical Diagnostics, Rari- 
tan. NJ)Js then printed onto the reagent area (18) of the 
polyester film, by bubble jet printing, using printing heads 
51612A, from Hewlett Packard, Cprvallis, OR. A sample . 
port is cut in untreated polyester filno (AR1 235. available 40 . 
from Adhesives Research, Glen Rock, PA) and then 
laminated, in register, to the top of . the double-sided 
tape (after rernoving the release layer). A die then cuts 
the stop junction through ihe three layers of the sand- . 
wich. Finally, strips ^of .single-sided .adhesive tape . 45 
(MSX4841 , available from 3M, St. Paul, MN) are applied 
to the outside of the polyester layers to seal the stop . 
junction. 

Examp l e 2 so 

[0044] A procedure that is similar to ^ the one 
described in Example V is-fo^iowed to make a-strip of the 
type depicted in Fig. 8. Reagent that is bubble-jet 
printed onto areas 118P, 218P, and 318P is. respec- 55 
tively, thromboplastin; thromboplastin, bovine eluate, 
and recombinant Factor Vila; and thromboplastin and 
bovine eluate alone. The bovine eluate (plasma barium . 



citrate bovine eluate) is available from Haemotologic 
Technologies, Burlington, VT; and recombinant Factor 
Vila from American Diagnostica, Greenwich, Ct 
[0045] Measurements made on a whole blood sam- 
ple using the strip of this Example yield a curve of the 
type shown in Fig. 6 for each of the measurement areas. 
The data from the curves for the controls (measurernent 
areas 21 8P and 31 8P) are used to qualify the data from 
the curve for measurement area 11 BR As a result, the 
PT time can be determined more reliably than can be 
done with a strip having a single measurement area. 
[0046] The invention having been fully described, it 
will be apparent to one of ordinary skill in the art that 
many modifications and changes may be made to it 
without departing from the spirit and scope of the 
present .invention. , 

Clairns , . , ^ 

1. ^ A method for initiating a measurement of analyte 
, concentration pr a physical property of a biological 
. , fluid conn prising 

. . a) providing a meter that measures the analyte 
concentration , or physical property of a blood 
sample on a fluidic diagnostic device. 
- bj inserting into the meter the device, compris- 

jng^^j, 

{}) a sarnple portjor introducing, a, sample 

of the biological fluid into the device, 

(11) a nieasurement^area, in which the ana- , 

lyte concentration or physical property is 

measured, 

r (iii) a.chanr^el. having a first end and a sec- 
ond end, to provide a fluidic path from the 
sample port at the first end to the measure- 
. . mentarea, 

,^ p) applying the biological fluid sample to the 
, . sample port, , 

d) illuminating the sample port and monitoring 
the light scattered from the sample over a pre- 
determined period of time, and 

e) rneasuring the analyte concentration or 
physical, property only .if, during .that time 

. period, the scattered light has first. Increased 
, , abruptly, then ^decreased, whereby.the meter 
. will .make the measurement only if the biologi- 
cal fluid is whole blood. 

2.. .The method of claim 1 in which the predetermined . 
time is at least atroutl^ive seconds:- ' . 

3. A method for validating a measurement of analyte . 
concentration, or a physical property of a biological 
fluid connprising 
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a) providing a meter that measures the analyte then increased, whereby the meter will make 
concentration or physical property of a blood the measurement only if the biological fluid is 
sample on a fluidic diagnpsfl^ ajgyice, .^^ , , , vj^^j^;tilQ^>,.;^ - ^ ^ 

b) inserting into the meter the device, compris- 
ing 5 5. The method of claim 4 in which the predetermined 

time is at least about five seconds. 

(i) a sample port for introducing a sample, 
of the biological fluid into the devicer 

(ii) a measurement area, In which the ana- 
lyte concentration or physical property is io 
measured, 

(lii) a channel, having a first end and a sec- ' • 
ond end, to provide a fluidic path from the 
sample port at the first end to the measure- 
ment area, 75 

c) applying the biological fluid sample to the 
sample port, 

d) illuminating the sample port and monitoring 
the light scattered from the sample over a pre- 20 
determined period of time, 

e) measuring the analyte concentration or 
physical property, and 

f) validating the measurement only if, during 
that time period, the scattered light has first ' 25 
increased abruptly, then decreased, whereby 
the meter will validate the measurement only if 

the biological fluid is whole blood. 

A method for initiating a measurement of analyte 30 
concentration or a physical property of a biological 
fluid comprising 

a) providing a meter that measures the analyte 
concentration or physical property of a blood 35 
sample on a fluidic diagnostic device, 

b) inserting into the meter the device, compris- 
ing 

(i) a transparent sample port for Introduc- 40 
ing a sample of the biological fluid into the 
device, 

(ii) a measurement area, in which the -ana- . 
lyte concentration or physical property is 
measured, 45 

(iii) a channel, having a first end and a sec- \ '■' 
ond end, to provide a fluidic path from the 

sample port at the first end to the measure- ' - 
ment area 

50 

c) applying the biological fluid sample to the 
sample port, 

d) illuminating the sample port and nionitoring ' • ^ 
the light transmitted through the sample over a 

predetermined period of time, and 55 

e) measuring the analyte concentration or 
physical property only if, during that time 
period, the light has first decreased abruptly, 
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FIG. 7A 
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